Effect of ligand binding on the tryptic digestion pattern of rat brain hexokinase: relationship of ligand-induced conformational changes to catalytic and regulatory functions.
The Type I isozyme of rat hexokinase (ATP:D-hexose 6-phosphotransferase, EC 2.7.1.1) is comprised of N- and C-terminal domains, associated with regulatory and catalytic functions, respectively. Extensive sequence similarity between the domains is consistent with evolution of the enzyme by gene duplication and fusion. Cleavage at tryptic sites located in the C-terminal domain is markedly sensitive to ligands present during digestion, while analogous sites in the N-terminal domain are either resistant to trypsin or unaffected by the presence of ligands. These results imply a lack of structural equivalence between the N- and C-terminal domains, with the overall structure of the N-terminal domain being "tighter" and with a major component of ligand-induced conformational changes being focused in the C-terminal domain. Based on a previously proposed structure for brain hexokinase, protection by substrate hexoses is attributed to substrate-induced closing of a cleft in the C-terminal domain. Similar protection at C-terminal cleavage sites results from binding of inhibitory hexose-6-phosphates to the N-terminal domain. In addition, hexose-6-phosphates evoke cleavage at a site, T5, located in a region that has been associated with binding of ATP to the C-terminal domain. Thus, alterations in this region, coupled with reduced accessibility resulting from cleft closure, may account for the mutually exclusive binding of inhibitory hexose-6-phosphates and substrate ATP. In the absence of Mg2+, all nucleoside triphosphates examined (ATP, UTP, CTP, and GTP) protected against digestion by trypsin. In contrast, ATP-Mg2+ stabilized the C-terminal domain but destabilized the N-terminal domain, while the chelated forms of the other nucleoside triphosphates were similar to the unchelated forms in their effect on proteolysis; the unique response to ATP-Mg2+ reflects the specificity for ATP as a substrate.